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chromfeience of the tubuhff body which intersect to form a plurality 
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At the same time, the grooves and profile cuts allow for expansion of 
the tubular body by use of less radial force. The grooves and profile 
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AN EXPANDABLE HANGER AND PACKER 

The present invention relates to wellbore completion. More particularly, the invention 
relates to an ^aiatus and method for seating an attachment and a seal between two 
5 tubulars in a wellbore. 

In the drilling of oil and gas wells, a wellbore is formed using a drill bit that is urged 
downwardly at a lower end of a drill string. After drilling a predetermined depth, the 
drill string and bit are removed, and the wellbore is lined with a string of steel pipe 

10 called casing. The casing provides support to the wellbore and facilitates the isolation 
of certain areas of the wellbore adjacent hydrocarbon bearing formations. The casing 
typically extends down the wellbore from liie surface of the well to a designated depth. 
An annular area is thus defined between the outside of the casing and the earth 
formation. This annular area is filled with cement to pemianently set the casing in the 

1 5 wellbore and to facilitate tiie isolation of production zones and fhiids at different depibs 
witiiin the wellbore. 

It is common to employ more than one string of casing in a wellbore. In this respect, a 
first string of casing is set in the wellbore vfhea the well is drilled to a first designated 

20 depth. The well is then drilled to a second designated depth, and a'second string of 
casing, or liner, is run into the well to a depth whereby the upper portion of the second 
liner is overlapping the lower portion of the first string of casing. The second liner 
string is thai fixed or hung in die wellbore, usually by some mechanical slip mechanism 
well-known in the art, and cemented. This process is typicaUy repeated with additional 

25 casing strings until the well has been drilled to total dq;>th. 

After the initial string of casing is set, the wellbore is drilled to a new depth. An 
additional string of casing, or liner, is then run into the well to a deptii wherry the 
upper portion of the liner, is overlapping the lower portion of the surfece casing. The 
30 liner string is then fixed or hung in die wellbore, usually by some mechanical sUp 
mechanism well known in die art, commonly referred to as a hanger. 
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Downhole tools with sealing elements are placed within the wellbore to isolate areas of 
the wellbore fluid or to manage production fluid flow from the well. These tools, such 
as plugs or packers, for exanq^le, are usually constructed of cast iron, aluminium or 
5 other alloyed metals and include slip and sealing means. The slip means fixes the tool 
in the wellbore and typically includes slip members and cores to wedgingly attach the 
tool to the casing well In addition to slip means, conventional packers iaclude a 
synthetic sealing elraaent located between upper and lower metallic retaining rings. 

10 The sealing element is set when the rings move towards each other and compress the 
elemmt there between, causing it to expand outwards iato an annular area to be sealed 
and against an adjacent tubular or wellbore. Packers are typically used to seal an 
annular area fonned between two coaxially disposed tubulars wiftin a wellbore. For 
example, packers may seal an annulus formed between production tubing disposed 

1 5 within wellbore casing. Alternatively, packers may seal an aimulus between the outside 
of the tubular and an unlined borehole. Routine uses of packers include the protection 
of casing from pressure, both well and stimulation pressures, as well as the protection of 
the wellbore casing from corrosive fluids. Other common uses include the isolation of 
formations or leaks within a wellbore casing or multiple production zones, thereby 

20 preventing die migration of fluid between zones. Packers may also be used to hold 
fluids or treating fluids within the casing annulus in the case of formation treatment, for 
example. 

One problem associated mth conventional sealing and slip systems of conventional 
25 downhole tools relates to the relative movement of the parts necessary in order to set the 
tools in a wellbore. Because the slip and sealing means require parts of the tool to be 
moved in opposing directions, a run-in tool or other mechanical device must necessarily 
run into the wellbore with the tool to create the movement. Additionally, the slip means 
takes up valuable annular space in the wellbore. Also, the body of a packer necessarily 
30 requires wellbore space and reduces the bore diameter available for production tubing, 
etc. 
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A recent trraid in well completion has been the advent of expandable tubular 
technology. It has been discovered that both slotted and solid tubulais can be ocpanded 
insitusQ BBio ralarge fb.e inner diameter. This, in turn, enlarges the patti tiuough 

S which both fluid and downhole tools may travel. Also» expansion technology enables a 
smaller tubular to be run into a larger tabular, and thai expanded so that a portion of flie 
smaller tubular is in contact wiA the larger tabular tfaerearound. Tubulars are e}q)anded 
by the use of a cone-shaped mandrel or by an expander tool wifli eiqpandable, fluid 
actuated members disposed on a body and run into the wellbore on a tubular string. 

10 During expansion of a tubular, the tubular walls are expanded past their elastic limit 
Examples of expandable tubulars include slotted screen, joints, packers, and liners. The 
use of expandable tubulars as hangars and packers allows for the use of larger diameter 
production tubing, because flie conventional slip medianism and sealing mechanism are 
eliminated. 

15 

While ejqianding tubulars in a wellbore ofiTers obvious advantages, fliere are problems 
associated with uang flie tedmology to create a hanger or packor dnough the expansion 
of one tubular into ano&er. By plastically deforming the tubular, the aross-sectional 
thickness of the tubular is necessarily reduced. Simply increasing tiie initial cross- 
20 sectional thickness of the tubular to compensate for the reduced tensile strength after 
expansion results in an increase in the amount offeree needed to expand the tubular. 

More importanUy, when compared to a conventional hanger, an wtpanded tubular with 
no grqjping structure on the outer surfece has a reduced capacity to support the weight 
25 of a Kner. This is doe to a reduced coefficient of Mction of the outer sur&ce of an 
expandable tubular in conqmison to the slip medianism having teeth or other gripping 
surfaces formed thereon. In another problem, the expansion of ttie tubular in the 
wellbore results in an meffective seal between the aq>anded tubular and die surrounding 
wellbore. 

30 



wo 03/023186 



PCT/GB02/03936 



4 

A need fherefore exists for an expandable tubular connection with increased strength. 
There is a fiirflia: need for an expandable tubular connection providing an improved 
gripping surface between an expanded tubular and an inner wall of a surrounding 
tubular. Yet a further need exists for an ^pandable tubular configured to allow metal 
S flow upon expansion to insure contact and sealing capabilities between an expanded 
tubular and an inner wall of a surrounding tubular. There is yet a further need for an 
expandable tabular with an increased cs^acity to support the weight of a liner. 

In accordance witii a first aspect of the preset invention there is provided an q;)paratus 
10 for engaging a first tubular and a second tubular in a wellbore, the apparatus 
comprising: 

a tubxilar body formed on the first tubular, having an inner surface and an outer 
surface, said tubular body being expandable radially outward into contact with an inner 
wall of the second tubular by the application of an outwardly directed force supplied to 
IS the inner surface of said tubular body, and 

gripping means formed on the outer surface of said tubular body for increasing 
friction between the first and second tubulars tqpon mansion of said tubular body. 

FurOier aspects and preferred features are set out in claims 2 ei seq. 

20 

At least in preferred embodiments, the present invention provides a tubular body formed 
on a portion of a first tubular. The tubular body is expanded so that flie outer surface of 
the tubular body is in fiictional contact with die inner surface of a surrounding second 
tubular. In one embodiment, the tubular body is modified by machining grooves and 
25 profile cuts into the siuface, thereby reducing the amount of radial force required to 
expand the tubular body on the first tubular into the surrounding tubular. 

The tubular body optionally includes hardened inserts, such as carbide buttons, for 
grippmg the surrounding tubular upon contact. The gripping mechanism increases the 
30 capacity of the expanded tubular to si^ort its weight and to serve as a hanger. In 
anodier aspect, the outer surfiice of die expandable tubular body optionally includes a 
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pliable material such as an elastomer within grooves and profile cuts formed on the 
outer surface of ffae tubular for increasmg the sealing capability of the expandable 
tubular. As the tabular is expanded^ metal flow causes the profile cuts to close 19, 
tfaei^y causmg the pliable material to extrade outward. This extrusion of fho pliable 
5 material insures contact with the casing and improves the sealing diaracteristics of the 
interface between the expanded tubular and the casing. 

Some preferred embodiments of flie invention will now be described by way of ©cample 
only and with reference to the accompanying drawings, in which: 

10 

Figure 1 is a perspective view of a tubular having profile cuts that intersect comers of 
the grooves formed in the outer surface, and having inserts of a hardened material also 
disposed around the outer surface; 

1 5 Figure 2 is a section view of the tubular of Figure 1 ; 

Figure 3 is an exploded view of an exemplary expander tool; 

Figure 4 is a partial section view of a tubular of the present invention within a wellbore, 
20 and showing an expander tool attached to a workmg string also disposed withm the 
tubular; 

Figure 5 is a partial section view of the tubular of Figure 4 partially expanded by the 
e3q[)ander tool; and 

25 Figure 6 is a partial section view of an expanded tubular in the wellbore with the 
expander tool and working string removed. 

Figure 1 is a pospective view of the apparatus of the present invention. The sgpparatus 
200 defines a tubular body formed on a portion of a larger tubular. The tubular body 
30 200 shovm in Figure 1 includes a series of relief grooves 210 and profile cuts 205 
machined into the outer surface. However, it is within the scope of the present 
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invention to machine some or all of the grooves 210 into the inner surface of the 
expandable tabular 200. The relief grooves 210 and profile cuts 205 serve to reduce the 
thickness of the tubular 200, thereby reducing the amount of material that must be 
plastically deformed in order to expand the tubular 200. This reduction in material also 
5 results in a reduction in the amount of force needed to expand the tubular 200. 

As shown in Figure 1, the grooves 210 are machined in a defined pattern. Employment 
of a pattern of grooves 210 s^es to increase tiie tensile properties of the tubular 200 
beyond those of a tubular wifh straight grooves simply cut around the circumference of 

10 the tubular. This improvemrat in tensile properties is due to the fact that the variation 
in cross-sectional thickness will help to prevent the propagation of any cracks formed in 
the tubular. The pattern of grooves depicted in Figure 1 is a continuous pattern of 
grooves 210 about the circumference of the body 200, with the grooves 210 int^ecting 
to form a plurality of substantially identical shapes. In the preferred embodiment, the 

IS shapes are diamonds. However, the scope of this invention is amenable to other shapes, 
inclxiding but not limited to polygonal shapes, and interlocking circles, loops or ovals 
(not shown). 

In one CTibodimrat, the profile cuts .205 are formed on the svx&cc of the shapes created 
20 by the grooves 210. The profile cuts 205 are formed at a predetermined depth less than 
the grooves 210 so that die profile cuts 205 will not substantially affect the compressive 
or tension capabilities of the tubular 200 upon expansioiL The profile cuts 205 may be 
horizontal cuts, vertical cuts or combinations thereof to divide each sfa^e into two or 
more portions. Prefmbly, the profile cuts 205 intersect the comers of the grooves 210 
25 as depicted in Figure 1 . 

Figure 1 also depicts inserts 220 interdisposed within the pattem of grooves 210 and 
profile cuts 205. The inserts 220 provide a gripping means between the outer surface of 
the tubular 200 and the inner siurface of a larger diameter tubular (not shown) within 
30 which the tubular 200 is coaxially disposed. The inserts 220 are made of a suitably 
hardened material, and are attached to the outer surface of the tubular 200 through a 
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suitable means such as soldering, epoxying or other adhesive method, or via threaded 
connection. In the preferred anbodiment, carbide inserts 220 are press-fitted into 
preformed s?)ertures in the outer surface of tubular body 200. After expansion, the 
inserts 220 are engaged with ttie inner surface of a larger diameter tubidar (not shown), 
5 thereby increasing the ability of the expanded tubular 200 to support the weigjht of the 
tabular below the expanded portioa 

In the embodiment shown in Figure 1, carbide inserts 220 are utilized as the gripping 
means. However, other materials may be used for fabrication of &e inserts 220 so long 

10 as the inserts 220 are sufficiently hard to be able to grip ttie inner surface of an outer 
tubular during expansion of the tubular body 200. Examples of fabrication materials for 
the inserts 220 include ceramic materials (such as carbide) and hardened metal alloy 
materials. The carbide inserts 220 define raised memb«s fabricated into tiie tubular 
body 200. However, other anbodiments of gripping means may alternatively be 

15 CT^loyed. Such means inchide but are not limited to buttons having teeth (not shown), 
or ottier raised or serrated members on the outer surface of the expandable tubular 200. 
Alternatively, tiie gripping means may define a plurality of hardened tooth patterns 
added to ttie outer surface of the tubular body 200 between the grooves 210 themselves. 

20 The embodiment of Figure 1 also depicts a pliable material 230 disposed within the 
grooves 210 and profile cuts 205. The pliable material 230 increases the ability of the 
tubular 200 to seal against an inner surface of a larger diameter tubular upon expansion. 
In the preferred embodiment, the pliable member 230 is fabricated firom an elastomeric 
material. However, other materials arc suitable which enhance the fluid seal sought to 
25 be obtained between the expanded portion of tubular 200 and an outer tubular, such as 
surface casing (not shown). The pliable material 230 is disposed within the grooves 210 
and profile cuts 205 by a thermal process, or some other well known means. A thin 
layer of the pliable material 230 may also enc^sulate Ae inserts 220 and facilitate the 
attachment of fiie inserts 220 to tiie tubular 200. 

30 
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Figure 2 is a section view of a poition of the tubular 200 of Figure L In this view, the 
inserts 220 are shown attadied to the tubular 200 in the areas between the grooves 210 
and at an intersection of the profile cuts 205. hi this respect, the inserts 220 are 
interdispersed within the pattern of grooves 210 and profile cuts 205. Figure 2 also 
5 clearly shows the reduction in cross-sectional thickness of the tubular 200 created by the 
grooves 210 and profile cuts 205 before expansion. Figure 2 further shows the profile 
cuts 205 formed at a dq;>th less than the grooves 210. 

The inserts 220 in Figure 2 have a somewhat conical shape projecting firom the outer 
10 surface of the tubular 200 to assist in engagement of tiie inserts 200 mto an outer tubular 
(shown in Figure 4). For clarity, tiie inserts are exaggerated in tiie distance they extend 
firom the sur&ce of tiie tubular, hi one embodhnent, the inserts extend only about 0.03 
inches (0.8 mm) outward prior to expansion. In another embodiment, the raised 
members 220 are initially recessed, either partially or completely, with respect to the 
15 tubular 200, and then extend at least partially outward into contact with tiie casing after 
expansion. Such an embodiment is feasible for the reason that the wall thickness of the 
tubular 200 becomes thinned during the expansion process, thereby exposing an 
othonvise recessed raised member. 

20 The tubular body 200 of the present invention is expanded by an expands tool 100 
acting outwardly against the inside surface of the tubular 200. Figure 3 is an exploded 
view of an exenqplary expander tool 100 for expanding the tabular 200. The expander 
tool 100 has a body 102, which is hollow and generally tubular with cozmectors 104 and 
106 for connection to otiier conqponents (not shown) of a downhole assembly. The 

25 connectors 104 and 106 are of a reduced diameter compared to the outside diameter of 
the longitudinally central body part of the tool 100. The central body part 102 of the 
expander tool 100 shown in Figure 3 has three recesses 114, each holding a respective 
roller 116. Each of the recesses 114 has parallel sides and extends radially fix>m a 
radially perforated tubular core (not shown) of the tool 100. Each of the mutually 

30 identical rollers 116 is somewhat cylindrical and barrelled. Each of the rollers 116 is 
mounted by means of an axle 118 at each end of the respective roller 116 and the axles 
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are mounted in slidable pistons 120. The rollers 1 16 are arranged for rotation about a 
respective rotational axis is parallel to the longitudinal axis of the tool 100 and 
radially o£&et flierefrom at 120-degree mutual circumferential separations around the 
central body 102. The axles 118 are fonned as integral end members of the rollers 116, 

5 with the pistons 120 being radially slidable, one piston 120 bemg slidably sealed within 
each radially extended recess 114. The inner end of each piston 120 is exposed to the 
pressure of fluid within the hollow core of the tool 100 by way of the radial perforations 
in the tubular core. In this manner, pressurized fluid provided from the surface of the 
well, via a working string 310, can actuate the pistons 120 and cause diem to extend 

10 outward whereby the roUws 116 contact the inner wall of a tubular 200 to be expanded. 

Figure 4 is a partial section view of a tubular 200 of the present invention in a wellbore 
300. The tubular 200 is disposed coaxially within the casing 400. An expander tool 
100 attached to a woridng string 310 is visible within the tubular 200. Preferably, ttie 

15 tubular 200 is run into the wellbore 300 with the expander tool 100 disposed therein. 
The woridng string 310 extends below die expander tool 100 to facilitate cementing of 
the tubular 200 in the wellbore 300 prior to expansion of the tubular 200 into the casing 
400. A remote connection (not shown) between the woridng, or run-in, string 310 and 
the tubular 200 temporarily connects the tubular 200 to the run-in string 310 and 

20 supports the weight of the tubular 200. In one embodiment of the present invention, the 
temporary connection is a collet (not shown), and the tubular 200 is a string of casing. 

Figure 4 depicts the expander tool 100 with the rollers 116 retracted, so that the 
expander tool 100 may be easily moved within the tubular 200 and placed in die desired 
25 location for rapansion of fte tubular 200. Hydraulic fluid (not shown) is pumped from 
the surfece to the expander tool 100 through the working string 310. When the 
expander tool 100 has been located at the desired dcptii, hydraulic pressure is used to 
actuate the pistons (not shown) and to extend the rollers 116 so that they may contact 
the inner surface of the tubular 200, thereby expanding the tubular 200. 

30 
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Figure 4 also shows fhe caibide inserts 220 attached to the outer sur&ce of the tubular 
200. Because the tubular 200 has not yet been expanded, fhe carbide inserts 220 are not 
in contact with fhe casing 400 so as to form a grip between the tubular 200 and casing 
400. Figure 4 also shows &e pliable material 230 disposed within the grooves 210 and 
5 &e profile cuts 205. 

Figure 5 is a partial section view of &e tubular 200 partially expanded by &e e3q)ander 
tool 100. At a predetermined pressure, fhe pistons (not shown) in the expander tool 100 
are actuated and the rollers 116 are extended until they contact the inside surface of the 

10 tubular 200. The rollers 116 of the expandec tool 100 are further extended until the 
rollers 116 plastically defonft flie tubular 200 into a state of permanmt expansion. The 
working string 310 and &e expander tool 100 are rotated during the expansion process, 
and the tubular 200 is expanded until the tubular*s outer surface contacts fhe inner 
surface of the casing 400. As the tubular 200 contacts the casing 400, die inserts 220 

1 S begin to engage Ae inner surface of fhe casing 400. 

The grooves 210 are also expanded during this expansion process, thereby causing some 
of the metal around fhe grooves 210 to flow away fiom the grooves 210. The metal flow 
is redistributed in the shallower profile cuts 205, thereby closing the profile cuts 20S. 

20 As ihe profile cuts 205 close, the pliable material 230 in fhe profile cuts 205 extrudes 
outward mto contact with &e casing 400. Further, fhe pliable material 230 in the 
grooves 210 fills a space remaining between the grooves 210 and &e casing 400. After 
the pliable material 230 contacts the casing 400, fhe interface between the expanded 
tubular 200 and the casing 400 is sealed. The working string 310 and expander tool 100 

25 are then translated within the tubular 200 until the desired length of fhe tubular 200 has 
been expanded. 

Figure 6 is a partial section view of an expanded tubular 200 in a wellbore 300, with the 
expander tool 100 and working string 310 removed. Figure 6 depicts the completed 
30 expansion process, after which the expanded portion of the tubular 200 defines both a 
packer and a hanger. As a packer, the expanded portion of the tubular 200 seals the 
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aimular area between the casing 400 and the tubular 200. As a hanger, the expanded 
portion of &e tubular 200 supports the weight of the tubular 200. 

Figure 6 shows the engagemoit between the inserts 220 and the inner sur&ce of the 
5 casing 400. The engagement enables the expanded portion of flie tubular 200 to support 
an increased wdg^t in conq[>arison to an ^anded tubular without inserts. The inserts 
220 axially and rotationally fix Ike outer sur&ce of the expanded tubular 200 to the 
inner surface of the casing 400. Fur&er, the profile cuts 205 are closed and fiie pliable 
material 230 that was in the profile cuts 205 and the grooves 210 is disposed in the 
10 interface between the expanded tubular 200 and the casing 400. 

While the foregoing is directed to embodiments of the present invention, other and 
fiirther embodiments of the invention may be directed without departing firom the basic 
scope thereof, and tiie scope thereof is determined by the claims that follow. 

15 
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CLAIMS; 

1 . An sqpparatus for engagbg a first tubular and a second tubular in a wellbore, the 
^paratus comprising: 

5 a tubular body foimed on the first tubular, having an inner surface and an outer 

surfece, said tubular body being expandable radially outward into contact with an inner 
wall of the second tubular by the application of an outwardly directed force supplied to 
the inner surface of said tubular body; and 

gripping means foimed on &e outer surface of said tubular body for increasing 

10 firiction between the first and second tubulars upon expansion of said tubular body. 

2. An ^aratus as claimed in claim 1» wherein said gripping means defines at least 
one raised member. 

IS 3. An apparatus as claimed in claim 2, wherein said at least one raised member 
defines a plurahty of inserts. 

4. An ^paratus as claimed in claim 3 wherein said inserts are press-fitted into 
preformed apertures in the outer surface of said tubular body. 

20 

5. An ^paratus as claimed in claim 3 or 4, wherein said plurality of inserts are 
fabricated firom a hardened metal alloy. 

6. An ^paratus as claimed m claim 3 or 4, wherdn said plurality of inserts are 
25 &bricated &om a ceramic material. 

7. An apparatus as claimed in claim 2» wherein said at least one raised member 
defines a plurahty of buttons having teeth. 

30 8. An apparatus as claimed in any preceding claim, wherein said gripping means 
includes grooves formed in the outer surfiice of said tubular body. 
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9. An a^jparatus for engaging a first tubular and a second tubular in a wellbore, the 
s^paratus comprising: 

a tubular body fonned on the first tubular, having an inner surface and an outer 
5 surfiice, said tubular body being expandable radially outward into contact with an inner 
wall of the second tubular by the i?)pli<^on of an outwardly directed force supplied to 
the umer surface of said tubular body; and 

grooves formed in a surface of said tubular body. 

10 10. An apparatus as claimed in claim 9, wherein said grooves are formed in the 
out^ surface of said tubular body. 

11. An apparatus as claimed in claim 9 or 10, further comprising gripping means 
formed on the outer surface of the tubular body for finiher increasing fiiction between 
15 the first and second tubulars upon «pansion of the tubular body. 

12 An ^paratus as claimed in claim 1 1 , wherem the gripping means define raised 
membCTS extending outward fiom the outer surface of the body. 

20 13- An apparatus as claimed in any of claims 8 to 12, wherein said grooves are 
formed in a pattern. 

14. An apparatus as claimed in claim 13 when appended directly or indirectly to 
claim 2 or claim 12, wherein said raised members define inserts interdisposed in the 

25 pattern of said grooves. 

15. An ^aratus as claimed in claim 13 or 14, wharein the pattern of said grooves is 
a continuous pattern about the circumference of the body, the grooves mtersecting to 
form a plurality of substantially identical shapes. 
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16. An apparatus as claimed in claim 15, wherein said substantially identical shapes 
are diamonds. 

17. An apparatus as claimed in any of claims 8 to 16, wherein said grooves are 
5 substantially filled with a pliable material. 

18. An apparatus as claimed in any of claims 8 to 17, wherein grooves are formed 
on the outer surface or inner surface of the tubular body or combinations thereof. 

10 19 An apparatus as claimed in any of claims 8 to 18, further comprising at least 
one profile cut formed in tiie outer surface of the body. 

20. An apparatus as claimed in claim 18» wherein the at least one profile cut is 
constructed and arranged to close upon expansion of &e tubular body. 

15 

21. An apparatus as claimed in claim 19 or 20, wherein the at least one profile cut is 
formed at a depth less than a depth of the grooves. 

22. An ^aratus as claimed in claim 19, 20 or 21, wherein the at least one profile 
20 cut is substantially filled wifli a pliable material. 

23. An apparatus as claimed in any of claims 19 to 22, comprising a plurality of 
profile cuts intersecting the grooves. 

25 24. An s^paratus as claimed in claim 23, wherein the plurality of grooves and the 
plurality of profile cuts are formed in a pattern. 

25. An ^aratus as claimed in any of claims 19 to 22 when appended directly or 
indirectly to claim 1 5, wherein the at least one profile cut is formed on the surface of the 
30 plurality of substantially identical shapes, whereby the at least one profile cut intersects 
the grooves. 
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26. An a|>paiata8 as claimed in any preceding claim, wherein each of flie first and 
fhe second tubulars is a string of casing. 

S 27. A method of completing a wellbore conqmsing the steps of: 

providing a first tubular, said first tubular having a pattern of grooves oa an 

outer surface of a portion thereof; 

positioning a second tubular within a wellbore 

positioning said first tubular coaxially widiin a portion of said second tubular, 
10 said second tubular having an inner diameter which is largrar than the outer diameter of 
said first tubular, 

positioning an expands tool within said first tubular at a depth proximate tiie 
patton of said grooves; and 

activating said expander tool so as to apply a force to the inner surfece of said 
15 firat tubular, tiieieby expanding said first tubular such that the outer surfece of said first 
tubular is in fiictional contact with the inner sur&ce of said second tubular, 

28. A method as claimed in claim 27, Miierein said grooves are disposed in a 
continuous pattern about the circumference of said first tubular body, said grooves 

20 inlCTsecting to fonm a phirality of substantially identical sh^es. 

29. A method as claimed in claim 28, wherdn said substantiaUy identical shapes are 
diamonds. 

25 30. A method as claimed in claim 27, 28 or 29, wherein 

said grooves are substantially filled with a pliable material; and 
wherein said stq> of activating of said expander tool is accomplished by 
applying hydraulic force to a plurality of roller members disposed radially about the 
expander tool. 

30 
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31. A me&od as clainied in any of claims 27 to 30, wherdn the first tubular further 
comprises a plurality of profile cuts di^osed about &e circumference of the first tubular 
body, formed at a depdi less than the grooves. 

5 32. A method as claimed in claim 13, wherdn the profile cuts are filled with pliable 
mat^al. 

33. A method as claimed in claim 31 or 32, wherein, as flie first tubular is ©q)anded, 
the profile cuts close. 

0 

34. A method as claimed in any of claims 27 to 33, fiirtha: comprising ttie step of 
positioning gripping means on fee outer surface of said tubular body interdispersed 
between said grooves for fiirther increasing fiiction between the first and second 
tubulars upon expansion of said first tubular. 

5 

35. A method as claimed in claim 34, wherein said gripping means defines a 
plurality of raised members extending outward fix>m the outer surface of said first 
tubular. 

:0 36. A method as claimed in claim 35, wh^ein said plurality of raised members 
define inserts filled into preformed ^ertures in the outer surface of said first tubular, 

37. A method as claimed in claim 36, wherem said mserts are fabricated &om a 
hardened alloy material. 

15 

38. A me&od as claimed in claim 36, wherem said inserts are fabricated fix>m a 
ceramic material 

39. A method as claimed in any of claims 35 to 38, wherein said plurality of raised 
10 members are initially recessed at least partially within the wall of said tubular body, but 
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then protrude from the outer sur&ce of said tubular body upon expansion of said tubular 
body. 

40. A method as claimed in claun 35, whoein said plurality of raised members 
5 defines a plurality of buttons having teeth. 

4L A method as claimed in claim 34, wherein said gripping means defines a 
plurality of hardened tooth patterns added to the outer surface of the tubular body 
between said grooves. 

iO 

42. A method as claimed in any of claims 27 to 41, wherein each of the first and the 
second tubulars is a string of casing. 




Fig. 1 



wo 03/023186 



PCT/GB02/03936 




Fig. 2 



wo 037023186 



PCT/GB02/03936 




Y 

Fig. 3 



J 



wo 03/023186 PCT/GB02/03936 



4/6 




Fig. 4 



wo 03/023186 



PCT/GB02/03936 




wo 03/023186 



PCT/GB02/03936 




INTERNATIONAL SEARCH REPORT 



IntM one) Application No 
PCT/6B 02/03936 



Accorttngto Imemallonal Palenl Classlllcallon (IPC) oflo bolh national dassBcallon ana PC 



a RELDS SEARCHED 



Minimum documentation 

IPC 7 E21B 



searched <clas8incation system folowed by dassiflcaito 



Documeniatlon saaiched other than mintmum documentation to the extent that such documents are fciduded In me llelds eearctied 



ElBCtrontedaSataaeoonaulled during the Memallonal aearch (name efdasataese and. wheiepiacllcal, search terms used) 

EPO-Internal 



C. OOCUtlEMTS CONStOEREO TO BE RELEVANT 



Categoiy* QtaUon oC documem. viftti Indkatton, wt^ers approptiale. ol the relevarl passages 



RetovanttodalmNo. 



GB 2 345 308 A (PETROLINE UELLSYSTENS LTD 

;ASTEC DEV LTD (SB)) 

5 July 2000 (2000-07-05) 

page 5, line 17 - line 24; figures 1,3-10 

WO 00 37766 A (ASTEC DEV LTD .SIMPSON NEIL 

ANDREW ABERCROMBI (GB)) 

29 June 2000 (2000-06-29) 

page 21. line 1 > line 22; figures 11A-15B 

US 6 189 616 81 (GANO JOHN C ET AL) 
20 February 2001 (2001-02-20) 
column 13, line 57 - line 65; figures 
6A-10 



1-3,5, 

8-12, 

17-22,26 



1.2, 

8-12,17, 
26 



1.2.7 



□ 



Further documants are Hsled In ttis conUnuatfonorboxC. 



Patent famlynwmberB are listed in annex. 



* Special categories of dtad documanis : 

*A' document defining the general state olihe aitwfhtchlsnot 
considered to be or particular lelBvanoe 

*E* earter document but puWbhed on or after the MemaUonal 
fiSnodate 

V document which may throw doubts on prtortly Glalm(8) or 
which is cxed to e^abSsh (he pubfcatlon dale df another 
dlatton or ottier special reason (88 specVled) 

*0r document refentng to an oral dtedOBum, use, exhibBlonor 
ottier means 

'P* document published prior to the iiilemallonal Mng date but 
(afer than (he prtorfty date dafenad 



*V later 



r document pubfished alter the international (Bng dale 
pdority dale and not In conlBct with die applicalion but 



died to understand the prindple or theory underlying the 

"X* document of particular ralevanoe: the claimed Invention 
cannot be oonstdared novel or cannot be consktaied to 
Involve an Inventive step when the documani is taken atone 

"Y* document of particular relevance; the dabned invention 
cannot be oonsldsredto Involve an (n^^enlive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a persoh sidiled 
Intheart. 

*&* documem member of the same patent famify 



Oatdct the actual completion of the mtemational search 



15 October 2002 



Date of mal&ngol the International search repon 

24/10/2002 



Name and manng address of the ISA 

European Pafent ORtoe, P.B. 5816 Pafenttaan 2 
ML-2280HVHisM9( 
TeL 340-2040. Tx. 31 651 epo nl. 

Fax: (♦31*70)940-3016 



Auihorbed oinosr 



Ott, S 



INTERNATIONAL SEARCH REPORT 

Marmtfton en iMkMit tunlly mwnbtfs 



PCT/6B 02/03936 



Patent document 
dted in search report 



Pul)licatlon 
date 



Patent family 
member(s) 



PiiMlcallon 
date 



GB 2345308 



05-07-2000 



AU 1867900 A 

AU 1868700 A 

AU 1868800 A 

AU 1868900 A 

AU 1876600 A 

AU 1876800 A 

EP 1147287 A2 

EP 1141517 Al 

EP 1141515 Al 

EP 1144802 A2 

EP 1151180 Al 

EP 1141518 Al 

UO 0037766 A2 

UO 0037771 Al 

UO 0037768 Al 

UO 0037767 A2 

UO 0037772 Al 

UO 0037773 Al 

GB 2346632 A 

GB 2346400 A 

GB 2346909 A 

GB 2347445 A 

NO 20012596 A 

NO 20012597 A 

NO 20012598 A 

NO 20012599 A 

NO 20012600 A 

NO 20012865 A 

US 2002079106 Al 

US 2002060079 Al 

US 2002112338 Al 



UO 0037766 



29-06-2000 



AU 

AU 

AU 

AU 

AU 

AU 

EP 

EP 

EP 

EP 

EP 

EP 

UO 

UO 

UO 

UO 

UO 

UO 

6B 

GB 

GB 

GB 

GB 

NO 

NO 

NO 



A 
A 
A 
A 
A 
A 



1867900 
1868700 
1868800 
1868900 
1876600 
1876800 
1147287 A2 

1141517 Al 
1141515 Al 
1144802 A2 
1151180 Al 

1141518 Al 

0037766 A2 

0037771 Al 
0037768 Al 

0037767 A2 

0037772 Al 

0037773 Al 
2345308 
2346632 
2346400 
2346909 
2347445 

20012596 
20012597 
20012598 



A 
A 
A 
A 
A 
A 
A 
A 



12-07-2000 
12-07-2000 
12-07-2000 
12-07-2000 
12-07-2000 
12-07-2000 
24-10-2001 
10-10-2001 
10-10-2001 
17-10-2001 
07-11-2001 
10-10-2001 
29-06-2000 
29-06-2000 
29-06-2000 
29-06-2000 
29-06-2000 

29- 06-2000 
16-08-2000 
09-08-2000 
23-08-2000 

06- 09-2000 
27-07-2001 
27-07-2001 

30- 07-2001 
30-07-2001 
30-07-2001 

07- 08-2001 
27-06-2002 
23-05-2002 
22-08-2002 



12-07- 
12-07- 
12-07 
12-07 
12-07 
12-07 
24-10- 
10-10- 
10-10- 
17-10- 
07-11- 
10-10- 
29-06- 
29-06- 
29-06- 
29-06- 
29-06- 

29- 06- 

05- 07- 
16-08- 
09-08 
23-08 

06- 09 
27-07 
27-07 

30- 07 



'200O 
2000 
2000 
-2000 
-2000 
-2000 
-2001 
-2001 
-2001 
-2001 
-2001 
-2001 
-2000 
-2000 
-2000 
-2000 
-2000 
-2000 
-2000 
-2000 
-2000 
-2000 
-2000 
-2001 
-2001 
-2001 



PCT/ISMSIO (MMrtlainnif wwx) (My lOtt) 



INTERNATIONAL SEARCH REPORT 
miormauon en pitem family mcmbtft 


Mm tonal Application Mo 

PCT/6B 02/03936 


Patent document 
dtad In saaich report 


Publication 
date 


Patent family 
rr>ember(6) 


Putiiicatlon 
date 



VM) 0037766 



NO 20012599 A 

NO 20012600 A 

NO 20012B65 A 

US 2002079106 Al 

US 2002060079 Al 

US 200211Z338 Al 



30-07-2001 
30-07-2001 
07-08-2001 
27-06-2002 
23-05-2002 
22-08-2002 



US 6189616 81 20-02-2001 US 6135208 A 24-10-2000 

EP 0961007 A2 01-12-1999 



Faim PCmSMaw tpMwtkmly WMK) guy mq 



